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X 1. Properties of Resole Resins

Catalyst

Property NaOH | Hexa
Concentration, pph 3 10
Formaldehyde-phenol ratio 2.0 1.5
Water solubility, % gpc analysis 100 Swells
Phenol, % 6 8
M, 280 900
M, 500 3000
T, C 35 47
Gel time, s 65 110

E 2. Physical Properties of Hexamethylenetetramine

Molecular weight 140.2

Specific weight g/cm? 1.39

Behavior when heated Sublimation at 270-280 °C
Solubility in 100 g H,0/20 °C 874¢g
Solubility in 100 g H,0/60 C 844¢g

Ut o 2 HE AEFS o 5047HK]4] o2& H)
G g 280 I ol FHE W] dEd 2
7Asgr-s T& AEs] s e oAy ¥
=449 LEE2E coatings,  dispersions,
adhesives, carbonless copy paper, molding com-
pounds, abrasives, friction materials, foundry
resins, laminates, air and oil filters, battery sepa-
rators, wood bonding, fiber bonding, composites,
carbon/carbon composites, reaction injection
molding, foam, hollow spheres, fibers(novoloid
fiber known as Kynol) 5-o] 2t}

3.1.2 ollZEAl=X]

A FAFA = B2YA A Adrga el
Az g o]Fo] WA epoxy, epoxide, oxirane,
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ring@ gHoke SRl of B ol & W
SFAEF e & U= HEEE Ad Ao A F
Al Alxgle] R Tl 2ol Hrh AdF
¢l dZEA42 & aliphatic, cycloaliphatic, =
aromatic backbone $& T ¥s}1 ¢t)

1938l Hzx2 o], 19469 FAAA
Ado] QA= L, 1950 dieh 1960l fle1A
1 &=8 Fa7t A FUNE ANEFA X7} 71
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TR 7P F43 Rez dgHe], 4 A&
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2 2 £ 80% FEE AX|F U} dFA]
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NEAFAE 2854, 3954, 4854 FA2
e F Utk 23/ FARAE diglycidyl ether
of bisphenol A(DGEBA), diglycidyl ether of
bisphenol F(DGEBF) %o°] 73 thxzAo]d,
polyglycidyl ether of phenol-formaldehyde
novolac, polyglycidyl ether of ¢-cresol-formalde-
hyde novolac %] ¢it}. 3#8FA JdEAFAEE
triglycidyl p-aminophenol, 4354 A EA|FR 2
= MNNN',N'-tetraglycidyl methylenedianiline
ol fdrh ,

NEZA A o] ABAZ2 71 Bo] 2ol oplA
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(MPDA) & € & Utk 12 AggoggE 2,
6-diaminopyridine(DAP), 4,4’-diaminodiphenyl-
sulfone(DDS) & & 4 9t}

ARTEF 734 2= phthalic anhydride(PA),
hexahydrophtalic anhydride(HHPA ), nadic meth-
yl anhydride(NMA), dodecenyl succinic anhy-
dride(DDSA), chlorendic anhydride(CA), trimel-
litic anhydride(TMA), maleic anhydride(MA),
succinic anhydride(SA), methyltetrahydrophtalic
anhydride, 3,3",4,4’-benzophenone-tetracarboxylic
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dianhydride(BTDA) %o} 9lt}.

BaEAA 2 AHEEE A& 2,4,6-tri(dimethyl-
aminomethyl)phenol(known as DMP-30), benzyl-
dimethylamine(BDMA), 2-ethyl-4-methylidazole
(EMI), boron trifluoride-monoethylene amine
(BFsMEA), stannous octoate o] )t}

w24 3 AA 24 = butyl glycidyl ether, heptyl
glycidyl ether, octyl glycidyl ether, allyl glycidyl
ether, p-#-butyl phenyl glycidyl ether, phenyl
glycidyl ether(PGE), cresyl glycidyl ether,
diglycidyl ether of 1,4-butanediol(BDE), diglycidyl
ether of neopentyl glycol, diglycidyl ether of poly-
propylene glycol, vinyl cyclohexene dioxide,
diglycidyl ether of resorcinol, diglycidyl ether of
polypropylene glycol, diglycidyl ester of linoleic
acid dimer o] it}
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o, AEHeE B w B AHYE 2] A A &}
75-85%, & A3Y L <k 85-90%, 2 AP
90-95% wWHgo] APH= Ao deiA ot o
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ALY WA Suzel ZA WL, F W e
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53], B¥3l Zad|AE A& reactive poly-
mer®} reactive monomer®] 2oz 3= ujE
gH2ol B4 EAI oleld Hxel %3 o}
o]tjel= 1930dtholl Carleton Ellisol] o]a)] wAx=]
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B 3. Effect of Variation in Catalyst Concentration on Gel Time and Peak Exotherm Temperature of a General Pur-
pose Polyester Resin for Several Catalyst-Accelerator Combination

Gel Time(min) Peak Exotherrr: Temp. at Room
Catalyst % Accelerator at 30 C(86 °F) :I};emp.( 75° F=24 °EIC)
Benzoyl peroxide 20 0.2%DMA 45 330 166
1.0 75 305 152
0.5 12.0 275 135
0.25 210 215 102
0.20 255 200 93
0.15 34.0 - -
Benzoyl peroxide 2.0 0.1%DMT 3.0 340 171
1.0 40 315 157
0.5 6.5 285 141
0.25 105 260 127
0.20 12.0 230 110
0.10 195 175 79
Acetyl peroxide 2.0 0.4%DMT 9.0 300 149
1.0 13.0 270 132
0.5 20.0 250 121
0.2 35.0 - -
Methyl ethyl ketone peroxide 2.0 0.4%CO, 6.5 285 141
1.0 75 165 74
0.5 14.0 115 46
0.4 22.0 95 35
0.3 >80 - -

223 FPd2E s A20A nj$ "
HIFAZA FAY B 37 FEA 1
F Utk 221t} peroxideFm) & HrlshA &
] vhg-o] AHEA APATE. AF vhee double
bond& single bond2 A$AF|= P Hryjure
(addition reaction) .2 ¥hg RAZo] AAIF]x]
@) Styrened 714 duld oz AL T b
4 FAHA =, oA EMV\H }‘]"é‘-’] o|F A}
HHg-aled ¥ Ao B ETzE 4P dw
A Azuke-g Sl of 90% ES] o] ol
9oz AREE ¢ 5 AUt

X3 Ed2E 9 HEHQ FF2A general-
purpose polyester resins, flexible polyester resins,
resilient polyester resins, low-shrinkage(Low-
profile) polyester resins, weather-resistant poly-
ester resins, chemical-resistant polyester resins,
fire-resistant polyester resins 5] Qt}. Gener-
al-purpose polyester resinsi= 2 phthalic anhy-
dride®} maleic anhydride®] @ =& propylene
R 7128 53

glycol 2 esterification 3t
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2 39l 43 s gk

2E8 Fo 28 57 A2l YolN Fad
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NS

25 FUANME olvEe] BYa, 4 Y4
g A%E T2, SMC(sheet molding com-
pound) ¥ BMC(bulk molding compound) S
ol &5l gt sl 2y AalEke] AR
20ES AEdle 283 FAY, Zgd &

2 AR @3 AA olEes Am o

l"

ArE {eh. 2
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ARRE] = Ro] gko g ;J%_o_

R 51’9' A=z A &
A Aotk E3# gAjolEy B
Al <] 511@0] Z8% AA7F Ha gl

3.1.4 d]dofAE] 4=x|
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Component Agency Contractor
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F404 duct NACA-LeRC/Navy General Electric
Ion engine beam shield NASA-LeRC Hughes
Utility Missle DOD Boeing
AEDC supersonic wind tunnel compressor blades Air Force Hamilton Standard
QCSEE inner cowl NASA-LeRC General Electric
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¥ 5. Processing Temperature of Several Filled and Unfiled Thermoplastics

Processing Temperature, °C (°F)

Base Resin

Unfilled

Fiber glass filled

ABS

Acetal

Nylon 66

Nylon 6

Nylon 612

Nylon 12
Polyphenylene oxide
Polycarbonate
Polyethersulfone
Polyethylene(high density)
Polypropylene
Polystyrene(GP)
SAN

200-260(392-500)
175-200(347-392)
250-290(482-554)
215-260(419-500)
230-290(446-554)
175-180(347-356)
275-305(527-581)
260-315(500-599)
215-230(419-446)
175-230(347-446)
200-235(392-455)

260-280(500-536)
200-230(392-446)
260-305(500-581)
215-280(419-536)
280-305(536-581)
175-180(347-356)
300-325(572-617)
280-345(536-653)
360(680)
230-250(446-482)
240-260(464-500)
240-280(464-536)
260-280(500-536)
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